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ZO.  (Conti  iiuod) 

Comparison  of  infection  iti  germfree  end  coiivcntioiicil  guinea  pigs  indicates 
that  a skill  infection  docs  occur’  in  the  yerinfr'ec  guiiiee  pigs  hut  the  primary 
course  of  iiifection  is  twice  as  long  as  in  the  conventional  guinea  pigs,  IJo 
colonization  of  the  Cl  tract  of  germfree  guinea  pigs  was  observed. 
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lYofjroso  Ro|/u>'t 


Gcnn-free  (Ttiiiud'!  j,  aro  o unifiut*  ^iviinHl  i'lodol  for  sfuclios  f)n  infoct  iv  ity, 
pathofjc'nrsi r. , acquirocl  imniunity,  proj'liylaxi s , aiid  tlurapy  of  dfrnvi Lopliyf,-' 
infcctionr.  bocauso:  1)  thoro  aro  no  skin  or  nut  l)iict(ria  to  au'jiiient  (or  hin- 

der) the  true  course  of  an  experiiiieuta  I deriitafc/pliyto  infection,  R)  ycrin-fioe 
animals  have  not  had  any  previous  exposure  to  vi(il)1e  dermatopliytes  and  tlius 
tiie  probleiii  of  contending  with  immunological  of  forts  from  prior  sidicl  iiiical 
fungal  infections  is  orii.riuated,  3)  true  in.mune  t esponsces  (both  aiitibotly,  AMI, 
and  cell  luediated  iniaunity,  CMl ) can  be  assesscaj  without  competition  and/or 
antigenic  stimulation  by  tlie  vialde  bacteria  atid  other  fungi  that  are  so  pre- 
valent in,  and  on,  experimental  animals,  <1)  wlien  activated,  tlie  antibody  and 
cell  mediated  iiiniuiie  responses  of  the  genn-frec  animal  are  every  bit  as  good 
as,  and  in  some  instances  better  ttrin,  the  conventional  animal.  Therefore, 
an  assessiiiC'nt  of  pure  Ci'i  and  AMI  responses  to  a vialjle  dermatO[)!iyte  infection 
can  be  made,  5)  true  effect  of  therapeutic  agents  (cither  topical  or  systemic, 
i.o.  steroids  or  Griseoful vin)  on  the  infectious  disease  caused  by  the  der- 
mato(ihyte  can  be  assessed  without  interference,  f roia  competiiv]  bacteria,  or 
previous  s.ubcl  inical  deri'iatophyte  infections,  G)  tlio  ef  fect  of  sl'.in  bacteria 
on  the  course  of  derm-atopliy Le  infections  can  be  evaluated  in  t!ic  gnotobiotic 
model . 

It  is  now  knov/n  that  T.  npoirt.ae|i20j3h};^U^  and  other  dermatophytes , when 
looked  for,  can  l)e  isolated  from  aVi  conventimia  1 guiiwea  pig,  rat,  and  laouse 
toloirios.  This  limits  tlie  usefulness  of  conventional  guinea  pigs,  rats,  and 
mice  in  studies  on  immunity,  prophyla.': is  and  tb.erapy  of  dcri’«ito|'liyte  infec- 
tions. 

Our  research  prograiii  is  using  germ-free  rats  and  guinea  pigs  as  models 
for  dermatophyte  infections.  We  will  also,  if  our  breeding  program  works 
out,  be  able  to  infect  the  germ-free  beagle  dog.  Wc  liave  infected  convention- 
al rats,  guinea  pigs  and  flora  defined  nude  mice  (i.e.  an  animal  without  a 
functional  T-cell  capability)  with  dermatophytes.  Our  results  with  each  of 
these  animal  models  is  detailed  below. 

fliciT^oraanisngs:  Host  of  our  studies  have  been  carried  out  with 

mori'Ugrf’pliytns ; ho\,’evcr,  w'G  have  also  used  fri cj\\sjpj'U!ii  £an|_s_,  1 pidei'inopliy Ion 
njTcaisiim  and  C.  albicans  in  some  of  our  studios. 

General  Gofimionts 

Stud i or;_  wi f h iY'TL ^ Jl'll  cuiivontional  rats:  Ca n dermatophytes , by 

themselves,  infect  aniiiials  that  ai'o  free  of  a viable  bacterial  and  viral 
flora?  lo  date  cun'  results  indicate  that  germ-free  rats  (and  guinea  I'igs; 
see  below)  can  be  infected  by  a [)urc  culture  of  dcri)iafo|)byte.  Obvious  infec- 
tious lesions,  Wi ; oliserved  in  germ-free  and  convenfional  rats,  (and  guinea 
pigs;  s('o  liolow)  challenged  with  T.  nygntjujrciphyt ju; . We  v.'ore  luiahle  to  cause 
any  obvious  dermatophyte  lesions  with  Mi£jf£'d'£ruin  cani s or  witli  kliiAf™^"^" 
jdiyfon  f l'icco_sum  in  the  gorm-free  rats.  )f  is  also  worth  noting  that  none 

of' the  3 fiingi  used  i.e.  f_.  fJpccTuumi,  H.  canis,  or  T.  iiuMj^tcigrojdiytes  vans 
ai)le  to  colonize  tlie  liacicria  f re'e  G1  LraeL,  oral  cavity,  nasal  cavity  or 
lungs  of  the  germ-free  rat:  only  T.  if'gjd  agrophyl  ('S  wms  found  in  low  numhc'i's 
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y:ii  of  feces  from  ccci/.ii  <ui(l  colon  orilj')-  This  is  moot  interestiiif) 
bf  cuijoe  even  in  the  absence  ni  compt’t  iii'j  bac  teria,  these  funcji  do  not  colonize 
or  itiv’i'fdc?  moccosal  epithelial  cells  or  keratini/C'd  oloaiach  epithel  iu:ii.  Con- 
verscily,  the  cjerm-tree  rat  docs  show  invasive  hypliae  in  the  seci  etory  portii;n 
oi  the  stomach  after  iiiunoassr)c:iat'ion  v/itli  C.  a 1 hicajis- 

Another  inter estiiai  aspect  of  the  cjcnan-f v ee  rat  model  is  that  T.  i_ner!ta;;iro_- 
jdiy_t_es  sets  up  a visible  intectioii  (hyphae  invade  ejride.’ ini s)  on  the  skin  at 
the  inoculated  site.  Hone  oi  the  perm-free  rats  sfiowc'd  <.ny  lesions  other 
than  at  the;  site  of  inoculation.  Ilo  fiinoaj  jiyca-prov/tii  occurred  in  the  chaiiiiierr. 
or  on  the  animals  s!:in  at  sites  other  than  rl.'osi-  (xpcriiiiciital  ly  inieclfd.  Tiie 
7.  lacnitaerojT^/tes  lesion  (a  red  erytiicana ) in  cjc-rM-free  rats  clears  in  lA  days. 
The  1c-;sion  is  not  as  severe  ros  we  oiiserved  isi  thr;  cjuinc-a  picj  and  it  clears 
sooner  in  the  genii-frec  rat(l'i  days)  and  haii  grows  back  i/.y  30  days.  Converse- 
ly, conventional  racs  had  scaly  skin  and  no  hair  growth  occurred  at  tlie  in- 
oculated site  for  60-70  days. 

The  chronic  X-  infection  that  persisted  for  60-70  days 

in  conventional  rats  is  or  interest  because  it  v.vis  a low  grade  infection  furd 
not  an  ulcerating  lesion  like  we  see  in  guinea  pigs.  Tltis  conventional  rat 
model  could  be  very  useful  for  trials  in  topical  or  syste..',ic  tliorapy  of 
fungal  inf cctions.  The  only  visible  evidence  of  derajatophyte  infection  was 
scaly  skin  and  a lack  of  hair  growth  for  60-70  days. 

To_^te  our  studies  have  shown  that  skin  from  T.  mifsn^grophyijes  lesion 
sites,  in  the  conventional  rat  only,  have  a histopcthological  pictui'e  sirhiar 
to  psoriasis.  This  is  a most  interesting  aspect  cf  the  work  and  it  may 
indicate  that  a dermatoidiyte  infection  may  be  a liieclwni.sm  for  triggering 
psoriasis.  Mowever,  since  it  did  not  occur  in  the  germ-free  state  it  may  • 
indicate  that  skin  bacteria  are  involved  in  its  etiology.  These  experiicents 
on  rats  also  demonsi  rote  that  conventional  rats  can  carry  T.  ri<^ot“grojMi_ytcs 
on  their  sk.in,  without  overt  indications  of  dermatophyte  infection,  for  pro- 
longed time  periods;  culture  and  hi.stology  and  no  growth  of  hair  ar(;  ihe 
only  indications  of  gross  abnormal ity  to  the  rats  skin. 

It  should  b.e  remembered  that  in  Viet  Nam,  rots  appeared  to' be  an  impor- 
tant vector  for  T.  mejitagj'onbytes.  He  have  shown  that  rats  have  the  capacity 
to  carry  T.  i:)ei_Xjigjlojdiytes  suiicl  inical  ly  on  the  skin  and  in  the  GI  tract 
for  at  least  70  days  (termination  of  our  experiment). 

A significant  stimulation  of  peyos  I'atck.e.s  was  also  observed  in  the 
small  intestine  of  germ- free  rats  infected  with  J.  mentagrojdiytc's.  No  fungi 
could  be  cultured  or  demonstrated  with  histological  sectiens  uf  peyers 
patches.  There  may  have  l>ccn  some  fungal  products  consiiined  by  tiio  rats  that 
accounted  for  tlie  stimulation  of  peyers  patche.s. 

An_Xi b'odjy;^ ai''"''^  Cel  1 Immiunc  Responses  i ii  tlie  [)en;ratop[n'te  Infected  Ceriii- 

free  Rat: 

f 

AMI  --  We  have  observed  that  genn-frec  rats  manifest  a poor  immuno- 
globulin respotise  against  the  invading  dermatophyte.  A )jrimary  aiu'l  secemdary 
ch.illengc  of  germ-free  rats  witli  T.  mentaqroiihytes  t('sulled  in  an  increased 
level  of  im:mniogl olv.il  i PS  in  onl^'  1 of  C baefer  ia-frec  animals,  limiiunoel ( rtro- 


|)li(jr(!S i s Led  no  introiu.o  in  f).iin:ii;i'jlol;ul  ino  within  70  diiyr.  af  ter 

cliillencjo.  Wr-  wore  only  ci!>1e  to  cJi'Iikmi', train  1 out  of  (>  rato  sliowincj  a |io',itiv( 
|)i  C'cijri  tin  toot  to  inirilieri  tiiclio|j|iyl.  in,  orudt'  cell  v/all  antifjcn  or  s,olul  !e 
cytojjl  asm  i(.  antigen,  l/e  are  currenlly  assessiii';)  the  ca|)ar;ity  of  S(-i  uiii  f r(jm 
fjerm-free,  T.  I'lenl aorophytes  iitonoassociated,  and  convent  ional  rats  to  inhihit 
i.  mciitafjrcyd, , f cs  in  acjar  diffusion  studios.  Initial  results  indioate,  tint 
serum  i ruin  l.ho  isoiioa ssoc  iated  rats  is  just  as  inhihitory  as  sc’rui:i  f roi'i  (jeriii- 
free  .ind  coiivontiona  1 rats,  further  work  on  tlK.'So  sera  indicate’  that  Ihe  in- 
hibition of  T.  mojitaoropiiytf  s fjy  scrum  appears  iK>t  to  he  associatfd  witfi 
specific  immunoplobul  in.  A student  is  st<irtiii(!  to  |)urify  rat  sci  u:a  proteins 
for  further  clarification  of  this  serimi  inhibition  of  (iermatophyl ;r  . lie  will 
use  serum  froiii  cjcrmf  i ee,monoassociated  and  conventional  rats 

CHI  III  yjtro  blastogenesis  of  splenic  lyif.phocytes  against  pliytohc.mo- 
gcjlutiii  (I’llV)  aiuf  conc.onavol  in  A (Con  A)  arc  poor  in  the  deriratophyte  infect- 
ed bacteria-free  rats.  However,  at  the  same  lime  intervals,  the  infected  rats 
splenic  Ivi.phocytes  ar)pear  to  acquire  a good  cap, -city  (10  fold)  to  rosijond 
against  the  X-  [lentagrophytes  antigens  we  used  (crude  auioclavcd  extract, 
fon.'ia.l inized  spores,  purified  T.  nientaarophytes  ant i gen  1 rom  Hr.  Hones). 
Lyinpliocyte  blastogenesis  (at  various  time  periods  after  infection  atid  clear- 
ing of  the  lesion)  indicates  to  us  that  clearance  of  a dennatophyte  infection 
appeat's  to  be  associated  with  the  acc|uisition  of  a C'U  response  in  the  rat. 

It  should  also  be  pointed  out  that  the  skin  testing  of  conventional  rats  that 
have  the  chronic  infection  is  votyv  posHive  wiili  purified  X-  mcntagroph.ytes 
antitjen,  foraial  inized  spores,  and  crude  autoclaved  antigen.  He  do  not  see, 
however,  a typical  delayed  type  hypersensitivity  response  in  the  iiicnoassociat- 
ed  germ-fi'eo  rat.  A delayed  basophij  response  is  very  proiirincnt  in  th.e  cor,- 
venticr.al  rat  and  this  may  indicate  tiiat  a Jones-iriute  type  of  reaction 
(cutaneous  basophil  hypersensitivity)  is  taking  place  ratiu'r  than  the  typical 
pure  monocyte;  response  as  seen  in  the  classic  delayed  tyjje  hypersensitivity 
response  (to  f’f'D)  in  tuberculin  positive  individuals. 

Summary  of  Rat  experiments:  This  is  a good  model;  a)  ffie  primary  infec- 

tion is  not  as  severe  as  in  guinea  pigs.  The  erythema  like  reaction  (with 
hyphac  in  skin)  clears  in  the  germ-free  rat  in  1.3-1'1  days  and  the  hair  grows 
back.  The  liair  does  not  grow  back  in  conventional  rats  and  a low  grade  per- 
sistent fungal  reaction  can  be  seen  on  the  skin  for  60-70  clyas.  There  also 
appears  to  ho  a parakeratosis  associated  with  tlie  cleared  infecf.eJ  site  and 
it  is  very  similar  to  psoriasis.  The  germ-free  rat  does  not  become  over- 
grown with  iiie  dermatophytes  used  (X-  !ItonX‘^fLD’iTiytPA»  floccosum,  IX  CfL'iT^)- 
Hov.'cver,  of  the  3 dermatoj}|iytes  used  only  T.  ixntagrq'hytcx.  f-'-?!Jsed  any  obvious 
derma topliyte-1  i l;e  pathology  in  the  rat  model.  _L‘.  itiduced  a hrowi. 

pigii'.ontation  (hyperkeratosis)  over  the  inoculated  site  but  no  obvious  fungal 
typo  of  lesion.  However,  the  latter  pafliology  (hyperkcra tosi s ) v,ms  also 
observed  in  t'le  skin  of  male  but  not  female  rats.  Heither  X- 
M.  canis  survived  in  the  germ-free  environment.  They  appeared  to  die  out 
after  several  challenges  of  the  germ-free  animal.  This  may  indicate  that 
bacterial  associations  are  needed  for  the  survival  of  the  latter  ? agents  on 
convenf. ional  rats.  (We  will  be  looking,  into  this  aspect  of  derisatopliyte 
infections  in  the  neai'  future.) 

Kudo  Mous(2  Data;  The  nude  mousi.*  is  an  aniiaal  that  is  congenitally  a1  hy- 
mic;  tho'ofore,  it  lacks  the  capacity  for  the  T-cell  (CMl)  arm  of  iimmniity. 

If  dci'iintopliVte  infections  are  controlled  by  T-cell  deiiendent  immunity  then 


tiu'  rv.ulo  iiio'j>,(;  sliould  not  l)C“  f'lhlc  In  (oiii.rcil  dcn’i>i1;oiiiiyl,o  iiiff'ctioiiL.  Wo 
woro,  lu')v;cv(.T , iioi.  (.0  induce  d•.'r!!;cj(.ophvl.('  I":,  ion;;  on  llio  s!  in  o'  nudo 

mice  ovcMi  tlionnli  ’..I'.in  c.iilinros  \i.\v  t i vc  7 diiy:,  (iftor  e i:.il  1 cn'jc.  Our 
procodui'c  nstd  0 opore  inorjulu:!)  { Ki'J,  lOO'd,  10,000  spores,  pM’  da  ludc-d  r.iLc-). 

Wc  Wi.ic  noi,  I'lLlc  to  induce  any  lesions;  rm  t'le  skin  of  llie  i.udo  inice  ( -'7 
nudes  usc'd  in  expcriin('i!i.s;  siiniliir  irioculuiii  tool;  voiy  v/el  1 on  the  conventional 
rat  and  tiie  (luinea  pi'j). 

The  nude  mouse  r'as  fui  Iher  evaluated  Oy  I.V.  injection  of  alhicans. 

Our  studies  dc monstra Led  that  the  nude  PiC.use  cleaicd  an  I.V.  C.  alJOdu’OiS 
challenye  hetlc-r  than  their  1 ittci  inat  cs,  (i.c.  saiae  stiain  of  mice  hut  i.'ith 
a tTuictioiial  thymus).  C.  ajhicans  infections  are  thoiujht  to  provide  classic 
examples  of  the  ir.portance  of  T-cell  function  in  host  re.si stance  to  fungal 
disease.  Our  nude  nioufe  data  indicates  that  the  iiapoi  tonco  of  T-cell  fund  ion 
in  inniunity  to  densatopir/te  am!  Candida  infectioi.s  is  not  c;s  clear  cut  as 
one  would  gather  from  the  existing  literature.  Our  initial  results  on  the 
nude  mouse  indicate  otiicr  host  iciinune  factin’s  arc  operating  to  control  fungal 
disease. 

The  flora-defined  nude  mouse  did  not  get  obvious  dermatophyte  le-sions. 

We  plan  to  have  gc-rm-fi'cc  nudes  in  thC'  near  future  and  we  will  try  to  infect 
the:;!  with  dcrmafoiihytcs.  We  have  also  dual  1 enged  thymus  reconstnictctcl  nude 
mice  wi  i h C.  albicans  (I.V.).  We  lound  tiie  latter  nudes  (with  prerven  T-cell 
Tuiistion  aUer  fir, viic  in.plciits)  were  just  as  susc.e|.itabl c to  an  (I.V.)  C. 
al_bican  challenge  as  the  normal  laicc.  It  appeals  uhat  the  thymus  may  have 
suppressed  inrunity  to  systearic  candidiasis.  Wo  are  going  to  infect  thymus 
implaiitc'd  nudes  to  sc?e  if  they  can  al.so  now  get  a densatephyte  lesion  on 
the  skin. 

Cmrwf roe  and  Conventional  fuinea  Pigs:  Our  infections  of  conventional 

guinea  p’igs’”’(i;ai  Tl'cy  strFiii)*  have  followed  the  pattern  of  dermatophyte  infec- 
tion already  described  by  the  LAIR  group  (Akers,  Kerbs,  Joncis,  et  al)  for 
conventional  guinea  pigs.  Our  only  iiifoririation  to  add  to  the  conventional 
system  is  in  tliC*  area  of  the  cellular  resjfonse  (histolcoy)  of  lesions  and 
skin  tests.  Wc  ere  seeing  much  more  fosinopiiil  and  Keutrophil  involvement 
in  lesions  and  skin  fests  on  cni'ventional  guinea  pigs  than  one  would  nonnally 
expect  in  a classical  I’l'n  delayed  type  hyiHrrsi'nsitivity  response. 

Wc  have  also  quantitated  the  increase  in  fungi  per  sq.  cm  of  skin  in 
infected  conventional  guinea  pigs.  The  counts  ?5-50  colony  forming  units 
per  cm?  ol  skin  at  day  0-  increase  to  CfO/cm?  on  day  7,  and  drop  fo  10^ 
ClU/cm?  on  day  Id;  less  than  50  CFll/cm?  of  skin  are  present  on  day  ?1.  We 
have  also  shown  that  in  vitro  blastcgcncsis  of  guinea  pig  lymphocytes 
(soluble  and  particulate  1.  m^ljigrophytes  antigen)  increases  on  al.^out  day 
7 and  Ij  and  serins  to  correlate  with 'tiie  Time  tiie  fungi  are  being  clcai-cd 
from  tlie  .skin  of  tiie  guinea  pigs.  Ibe  delayed  inqicrscnsitivity  skin  test 
rospon.se  of  conveiilioual  guinea  pigs  is  heightened  on  day  14  and  21.  Ai.ipar- 
ently  in  vjvo  and  in  vgfro  correlates  of  cell  mediated  immunity  coincide 
with  clearance  of  fungi  from  infocted  Skin. 

Gerii'-_freo  Ginnoa  Pif|s;  Ue  hre'c  now  for  the  first  time  infected  germ- 
free  gunn  a jhigswi  1 h T.inuitagr(>]'hyt('s.  The  overall  infection  rate  was 
100b.  Iho  inlectinn  and  host  rt'spoiise  seems  to  ho  more  severe  and  |)orsis- 
tent  (no  ingrowth  of  hair  and  sliTI  o!)vious,  ojicn,  serous  lesions  at  32 


clays  past  infccl.  inn).  The  irifc'ction  lias  not  spread  beyond  llir-  oripinal  s ite; 
of  inoculation  and  no  obvious  iuiifjal  overfjn.'v.'Ui  occurs  in  the  penii-free  iso- 
lator. Vie  plan  1o  allow  the'  infected  animals  to  conlinue  on  in  order  to  5>ee 
how  loii'j  it  tal'.es  foi’  the  lesion  to  clear  and  hair  to  oi  ow  back  in  the  i,:ono- 
assosicat('u(pnotoi)iotic)  slate.  How  tliat  we  liave  established  breediii'j  colonies 
of  convent  icaial  cjuiiuai  pips  and  have  acquired  cvqH.-ricTice  in  breedinq  and 
caesarian  delivery  of  (juinea  pips  we  will  be  able  to  infect  more  ejenn-free 

guinea  pigs  to  pursue  our  (joals  for  this  research  program. 

\ 

\ 

This  f|c‘ni:-free  model  \/ill  be  an  excellent  one  for  studying  therojy  and 
prc.'phylaxis  because;  of  its^.rcnic  persistent  nature.  Also,  it  is  very 
obvious  that  prior  ii.imuno  W^ioa . experiences  or  skin  bacteria  of  convent  icaial 
guinea  pigs  does  reduce  the  severity  of  denaatopliyte  infections  in  tlic  con- 
ventional ;tate.  llie  lesions  on  conventional  guinea  iiigr.  are  not  as  severe 
or  as  prolonged  as  we  have  observed  in  the  germ-free  guinea  pig  mocbjl . 

Studies  on  skin  tesK  blastogenesis,  serum  responses  (i.e.  antibody 
prodicction)  are  now  and  will  continue  to  be  in  progress  on  tlie  ejerm-froe 
guinea  pigs  wiien  the  initial  observations  on  infectivity,  primary  and  second- 
ary, are  liosvlete. 

We  li.ave  liaci  cxiierience  with  blastogenesis  and  skin  tests  in  conventional 
guinea  pigs.  We  are  seeing  increased  1)1 astogenes i s in  days  7 and  14  attor 
infection.  This  corresponds  with  a decroasc  in  fungi  in  the  skin  and  also 
with  the  onset  of  delayed  type  liypcfscnsitivity.  However,  histology  of  the 
skin  test  sites  reveals  a hc'avy  infiltration  of  Heutrophi 1 s and  Eosinophils 
raflior  than  monocytes  as  wo  would  expect. 

^'nn- fi  (.'0  Jbgs : He  should  be  alile  to  infect  germ-free  dogs  (beagles) 

with  dermatophy tos  in  the  next  3-6  fi.ontfis.  Our  program  of  rai.sing  germ-free 
dogs  is  now  to  the  point  where  we  are  getting  healthy  animals  and  we  should 
be  able  to  derive  and  raise  tlie  gcriii-free  beagles  (G--3  males,  3 tcaiales) 
for  our  dermatophyte  study. 

||uniulity:  In  our  studies  on  rats  we  tried  incroasinq  the  humidity  in- 

side of  plastic  isolators  to  see  if  this  would  exacerbate  the  fungal  infec- 
tions fr.  moiTl.anronl!ytc’_s_,  M.  cajiis,  f.  fierce,  :iii).  Pans  of  water  were  put 
into  the  isolator,  airflow  was  slowed  down  a;,.,  the  rosultoiit  increased 
humidity  did  not  appear  to  cause  any  obvious  increase  in  the  severity  of 
the  T.  iiientaproidiytyys  infection  or  activate  the  _M.  canjs  or  _f.  floccosum 
challenged  animals.  We  vpi  11  ti'y  to  assess  this  reaction  in  guinea  pigs 
when  we  get  more  aiiimlas  in  the  germ-free  stale;  and  monoassociated  witli 
!•  iiienfagrophytes. 


